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ABSTRACT 

A 300 K l b  g ross  weight nuc lea r  s h u t t l e  can be  
launched t o  e a r t h  o r b i t  without  a Sa tu rn  V c l a s s  launch v e h i c l e .  
By o f f  loading  ( p a r t i a l l y  f i l l i n g  t h e  p r o p e l l a n t  t a n k s )  t h e  
n u c l e a r  s h u t t l e  and s t a r t i n g  it before it a t t a i n s  o r b i t a l  ve- 
l o c i t y ,  i t  can achieve o r b i t a l  i n s e r t i o n  a f t e r  being launched 
by the f i r s t  s t a g e  of a 25 K l b  payload space s h u t t l e .  Once 
i n  o r b i t ,  it can be reloaded w i t h  p r o p e l l a n t s  from subsequent 
space  s h u t t l e  f l i g h t s ,  and be ready f o r  i t s  i n t e n d e d  missions.  
Payloads as high as 50 ,000  l b s  could accompany t h e  s t a g e ,  
excep t  t ha t  the s t a g i n g  condi t ions  (high v e l o c i t y  and a l t i t u d e  
and s t e e p  f l i g h t  pa th  angle)  would b e  such that t h e  boos te r  
could n o t  s a f e l y  r e t u r n  t o  e a r t h .  However, by not  d e l i v e r i n g  
t h e  payload on t h e  same launch w i t h  the  nuc lea r  s h u t t l e ,  b o o s t e r  
p r o p e l l a n t  can be reserved  and used f o r  p o s t  s t a g i n g  maneuver- 
i n g  t o  achieve  t h e  proper  r e e n t r y  cond i t ions  fo r  t h e  booster 
t o  r e t u r n  t o  e a r t h .  Problems associated w i t h  mating t h e  nu- 
clear and space s h u t t l e s  have n o t  been examined. 
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In t roduc t ion  

The i n t e g r a t e d  manned s p a c e f l i g h t  program f o r  t h e  
1 9 7 0 ' s  and 1 9 8 0 ' s  ca l l s  f o r  the  use of a space s h u t t l e  t o  reduce 
t h e  cost of d e l i v e r i n g  payloads t o  o r b i t . '  This s h u t t l e  i s  cur-  
r e n t l y  envis ioned as a two s t age ,  f u l l y  r eusab le  t r a n s p o r t a t i o n  
v e h i c l e  ope ra t ing  between e a r t h  and e a r t h  o r b i t .  For t r a n s -  
p o r t a t i o n  between e a r t h  and luna r  o r b i t ,  a r eusab le  nuc lear  
r o c k e t  s h u t t l e  of t h e  o rde r  of 300 K l b  gross weight i s  planned. 
Because of t h e  l a r g e  weight and p r o p e l l a n t  volume of t h e  nuc lea r  
s h u t t l e ,  it cannot be de l ivered  t o  e a r t h  o r b i t  by t h e  re la-  
t i v e l y  s m a l l  space s h u t t l e ,  and consequently t h e  Sa turn  V might 

be requi red .  
l a r i z e d  nuc lea r  stages t o  e l i m i n a t e  t h e  Sa tu rn  V requirement.  
I n  b o t h  t h e s e  memoranda, t h e  l a r g e  nuc lea r  v e h i c l e  i s  considered 
t o  be assembled i n  o r b i t  from s m a l l  modules which are launched 
by s e v e r a l  space s h u t t l e  f l i g h t s .  The assembly of a l a r g e  s t a g e  
f r o m  s m a l l  modules adds complexity t o  t h e  mission and may re- 
s u l t  i n  i nc reased  s t a g e  i n e r t  weight  and hence reduced per- 
formance. The a n a l y s i s  descr ibed  i n  t h i s  memorandum shows t h a t  
an off- loaded ( p a r t i a l l y  f i l l e d  p r o p e l l a n t  t ank )  l a r g e  nuc lea r  
stage, s t a r t e d  s u b - o r b i t a l l y ,  can d e l i v e r  i t s e l f  t o  e a r t h  o r b i t  
when boosted by t h e  f i rs t  s t a g e  of a f u l l y  r eusab le  t w o  s t a g e  
s h u t t l e .  Hence a nuc lear  s h u t t l e  wi th  l a r g e  tanks  can be used 
wi thout  Sa turn  V's, and t h e  f u l l  nuc lea r  s t a g e  performance 
p o t e n t i a l  can be r e a l i z e d .  

Two r e c e n t  memoranda 2 f 3  d i s c u s s  t h e  use  of modu- 

Discussion 

The s h u t t l e  s t a g e  used i n  t h i s  a n a l y s i s  as a booster 
f o r  t h e  nuc lea r  s h u t t l e  is t h e  f i r s t  s t a g e  of a General Dynamics 
t w o  s t a g e ,  s e q u e n t i a l  burn space s h u t t l e  capable  o f  d e l i v e r i n g  
25,000 lbs t o  earth o r b i t m 4  
stage are summarized below: 

The characteristics of t h e  f i r s t  

P rope l l an t  W t  = 1.767 M l b  

I n e r t  W t  - 4 4 4  K l b  
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Thrust  (vacuum) = 4.40  M l b  

I (vacuum) = 450 sec 

I (sea l eve l )  = 395 sec 
SP 

SP 
The nuc lea r  s h u t t l e  fo r  opera t ion  between e a r t h  o r b i t  and 
l u n a r  o r b i t  uses  a Nerva I rocket  engine and has  t h e  fol lowing 

c h a r a c t e r i s  tics : 1 

Thrust  = 75,000 l b s  

I 
SP 

= 850 secs 

I n e r t  W t  = 75,000 l b s  

P r o p e l l a n t  Capacity = 225,000 l b s  

Diameter = 33 f e e t  

There i s  a l so  a shroud assumed t o  weigh 20 ,000  l b  which sup- 
p o r t s  t h e  nuc lear  p r o p e l l a n t  tank  during f i r s t  s t a g e  o p e r a t i o n  
and i s  j e t t i s o n e d  a t  s t ag ing .  

The s h u t t l e  boos te r  launches t h e  nuc lea r  s t a g e  p a r t  
way toward o r b i t ,  then s e p a r a t e s  and r e t u r n s  t o  e a r t h  f o r  
re-use.  The t h r u s t  t o  weight r a t i o  i s  l i m i t e d  t o  4.7 o r  less 
a t  a l l  t i m e s .  A f t e r  s t a g i n g  t h e  nuc lear  stage begins  ope ra t ion  
and f l i e s  i t s e l f  t o  a 55' i n c l i n a t i o n  o r b i t .  Because of t h e  
l o w  t h r u s t  of t h e  Nerva I engine,  o r b i t  can be achieved only i f  
t h e  nuc lear  s t a g e  i s  off-loaded. 

Although t h e  space shut t le /Nerva  I s h u t t l e  combina- 
t i o n  i s  capable of d e l i v e r i n g  i t s e l f  and over  50,000 l b  t o  a 
200 nm o r b i t ,  t h e  s t a g i n g  condi t ions  which would be r equ i r ed  
would p r o h i b i t  t h e  space  s h u t t l e  boos t e r  from r e t u r n i n g  t o  
e a r t h .  Table I p r e s e n t s  t h e  maximum d i s c r e t i o n a r y  payloads 
which could be d e l i v e r e d  t o  o r b i t  i f  r e e n t r y  of t h e  space  s h u t t l e  
b o o s t e r  w e r e  n o t  necessary.  Resul t s  are given f o r  three d i f -  
f e r e n t  nuc lea r  p r o p e l l a n t  loadings and two d i f f e r e n t  o r b i t a l  
a l t i t u d e s .  The unacceptable s t a g i n g  cond i t ions  are a l s o  l i s t e d .  
The m o s t  damaging c h a r a c t e r i s t i c  i s  t h e  s t e e p  f l i g h t  p a t h  ang le ,  
y ,  of 18" t o  40" measured r e l a t i v e  t o  t h e  h o r i z o n t a l .  These 
s t a g i n g  cond i t ions  would r e s u l t  i n  p r o h i b i t i v e  d e c e l e r a t i o n  
loads  and hea t ing  on t h e  boos te r  during r e e n t r y .  The nominal 
s t a g i n g  p o i n t  f o r  t h e  General Dynamics s h u t t l e  i s  10,370 f p s  
v e l o c i t y  a t  185 ,000  f t  a l t i t u d e  and 2.733' f l i g h t  p a t h  angle .  
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are n e g l i g i b l e ,  whereas they a r e  s i g n i f i c a n t  a t  larger nega- 
t i v e  k i ck  angles .  

The case of ak = -8.0' w i l l  be considered i n  d e t a i l .  

I f  t h e  p r o p e l l a n t  remaining i n  t h e  b o o s t e r  i s  used p r i m a r i l y  
t o  change t h e  f l i g h t  pa th  angle with t h e  t h r u s t  t o  w e i g h t  r a t i o  
l i m i t e d  t o  4 . 0 ,  r e e n t r y  of the booster can s t a r t  from t h e  con- 
d i t i o n  of  248,500 f t  a l t i t u d e  a t  a v e l o c i t y  of 1 0 , 3 0 0  f p s  and 
a f l i g h t  pa th  angle  of  0'. These  cond i t ions  r e s u l t  i n  a maxi- 
mum d e c e l e r a t i o n  of 4 g and a m a x i m u m  h e a t i n g  ra te  s l i g h t l y  
h i g h e r  than  f o r  t h e  nominal 25 K l b  payload General Dynamics 
s h u t t l e .  However ,  t h e  l a r g e r  50 K l b  payload General Dynamics 
s h u t t l e  nominally s u s t a i n s  a hea t ing  ra te  as g r e a t  as t h a t  
c a l c u l a t e d  h e r e  f o r  t h e  launch of the n u c l e a r  s t a g e ,  and hence 
the b o o s t e r  r e e n t r y  proposed he re  i s  considered f e a s i b l e .  The 
impact of t h e  e x t r a  downrange d i s t a n c e  (about 575 nm) i s  n o t  
considered.  

I n  t h i s  example t h e  dynamic p r e s s u r e  on t h e  b o o s t e r  
dur ing  i t s  second burn i s  no g r e a t e r  than  4 .0  ps f  a t  a 60'  
angle  of a t t a c k  and 1.3 psf  a t  90' angle  of a t t a c k .  A p i t c h  
modulation maneuver i s  used during t h e  burn i n  which t h e  tan-  
g e n t  of t h e  sum of  t h e  f l i g h t  p a t h  angle  and t h e  ang le  of 
a t t a c k  i s  v a r i e d  l i n e a r l y  w i t h  t i m e .  The sum of these ang les  
starts a t  about 85' and decreases  t o  60'  a t  t h e  end of t h e  burn. 
I f  t h e  dynamic p r e s s u r e  during t h e  second burn i s  allowed t o  
r each  17.5 and 8 psf  a t  60' and 90' angles  of a t t a c k ,  respec- 
t i v e l y ,  t h e  r e e n t r y  of t h e  boos te r  can s t a r t  from 215,000 f t  
a t  10,700 f p s  and 0' f l i g h t  path angle .  These cond i t ions  re- 
s u l t  from an a s c e n t  t r a j e c t o r y  wi th  ak = -8.5' and g i v e  rise 
t o  a r e e n t r y  s i m i l a r  t o  t h a t  f o r  t h e  nominal s h u t t l e .  

A p o s s i b l e  problem area i s  t h a t  of t h e  s a f e t y  of  a 
nuc lea r  s t a g e  sub -o rb i t a l  s t a r t .  Some of the cons ide ra t ions  
are d iscussed  i n  an e a r l i e r  rnem~randum.~ I t  s u f f i c e s  t o  men- 
t i o n  he re  t h a t  s a f e t y  c r i t e r i a  have n o t  y e t  been e s t a b l i s h e d ,  
and t h a t  it appears l i k e l y  t h a t  t h e  nuc lea r  s t a g e  can be made 
r e l i a b l e  enough t o  permi t  sub-orbi t  ope ra t ion .  Also, a 200 nm 
o r b i t  would have s a f e t y  advantages over a 100 nm o r b i t .  

I n  summary, it appears f e a s i b l e  tha t  t h e  nuc lea r  
s h u t t l e  can d e l i v e r  i t s e l f  t o  o r b i t  us ing  a r eusab le  s h u t t l e  
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b o o s t e r ,  a l though a complex f l i g h t  p r o f i l e  i s  requi red .  Also,  
there are problems, such as mating of the n u c l e a r  and space 
s h u t t l e s ,  which need f u r t h e r  cons idera t ion .  

1013-DJO-baw 
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T a b l e  1. Maximum P a y l o a d s  t o  55' I n c l i n a t i o n  O r b i t s  (Booster re- 
en t ry  not  considered) 

O r b i t  
A l t i t u d e  

1 0 0  nm 

1 0  0 

1 0  0 

2 0 0  

200 

200 

N u c l e a r  
P rope 1 l a n  t 

7 5  K l b  

1 0  0 
I 
1 2 5  

7 5  

1 0 0  

1 2 5  

Stag ing  Cond i t ions"  
F l i g h t  Path 

.P ay 1 o ad V e l o c i t y  A l t i t u d e  A n g l e ,  Y 

4 8 , 2 6 0  l b  1 4 , 0 0 0  f p s  3 9 1 , 0 0 0  f t  18.5' 

5 3 , 3 7 0  1 3 , 1 6 0  4 5 8 , 2 0 0  2 6 . 6  

4 7 , 9 3 0  1 2 , 4 7 5  '525,000 3 6 . 5  

4 5 , 6 2 0  1 3 , 8 6 1  4 3 4 , 3 0 0  . 2 2 . 2  

5 0 , 8 8 0  1 3 , 0 5 3  4 8 9 , 0 0 0  3 0 . 0  

4 5 , 3 6 0  1 2 , 4 0 0  5 5 0 , 0 0 0  40 .O 

I 

* V e l o c i t y  and f l i g h t  pa th  angle  are r e l a t i v e  t o  ear th- f ixed  co-ordinates. 

I.,. 



O r b i t  
A 1  ti tude  

100 nm 

100  

100 

200 

200 

200  

Table 2. Staging  Conditions f o r  N o  Payload t o  O r b i t ,  Minimum 

F i r s t  Stage Burn Time, 55"  I n c l i n a t i o n  

Nuclear 
P r o p e l l a n t  

75 K l b  

10  0 

1 2 5  

75  

100 

1 2 5  

Staging Condit ions* Remaining Ava i l ab le  

Veloc i ty  A l t i t u d e  Angle y AV ( i d e a l )  y ( i d e a l )  
F l i g h t  Pa th  F i r s t  S tage  Change i n  

9 7 0 7  f p s  319,600 f t  30.6'  6720 f p s  35O 

9 0 2 6  366,850 43.9 6570 36 

9 3 8 7  433,140 52 .8  5152  29 

9 8 0 8  361,735 36.3 6309 33 

9169 392,500 47 .6  6433  35  

9 4 8 0  458,800 57 .5  4866 2 7  

*Veloci ty  and f l i g h t  p a t h  angle  a r e  r e l a t i v e  t o  ear th  f i x e d  co-ordinates  



Table 3. Dependence of Staging Condit ions on Tra j ec to ry  

N u c l e a r  S tage  ProE,el lant  = 75,000 l b  

C i r c u l a r  O r b i t  A l t i t u d e  = 200 nm 

0 l b  - Discre t ionary  Payload - 

5 5 "  - O r b i t  I n c l i n a t i o n  - 

Staging condi t ions** 
Remaining Avai lab le  Aero*** 

Kick* F l igh t  Pa th  1st Stage  Change i n  Drag a t  
Angle Veloc i ty  A l t i t u d e  Angle, y AV(idea1) y ( i d e a l )  Staqincj 

-5 .5 "  

-6.0 

-6.5 

-7.0 

-7.5 

-8.0 

-8.5 

-9.0 

-9.5 

-10 .0  

-10.5 

-11.0 

9 8 3 5  f p s  

9 776 

9 8 0 8  

9 9 1 4  

10 ,089 

10  , 328  

10 ,634  

11,009 

11 ,460  

11,990 

12 ,619 

13 ,346 

402,300 f t  

379 , 800 

361,735 

346,630 

333,600 

322,000 

311,500 

301,550 

291,800 

282,000 

271,000 

258,000 

43"  

40 

36 

33 

30 

2 7  

2 4  

21.2 

18 .3  

15 .5  

13 .0  

10.0 

5996 f p s  

6 2 2 1  

6 3 0 8  

6300 

6200 

5992 

570 8 

5329 

4847 

4254 

3533 

2666 

31 .3"  

32.5 

32.8 

32 .5  

31.6 

30 .O 

28.2 

26  .O 

23.0 

19 .5  

15 .6  

11 .3  

1 l b  

2 

4 

9 

18 

35 

6 7  

1 2 8  

250 

4 70 

9 50 

2100 

*Kick angle i s  a measure of t h e  p i t c h i n g  of t h e  v e h i c l e  almost immediately 
a f t e r  l i f t - o f f .  A f t e r  t h i s  s h o r t  maneuver the v e h i c l e ' s  angle  of a t t a c k  is 
zero  u n t i l  s t ag ing .  

**Velocity and f l i g h t  pa th  angle are r e l a t i v e  t o  e a r t h  f i x e d  co-ordinates .  

***Because t h e  nuc lea r  s t a g e  f l i e s  a t  high angle  of a t t a c k  (up t o  70'1, t h e  
ierodynamic drag must be kep t  sma l l  t o  avoid s t a b i l i t y  problems. 
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